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Topics Covered

£ Overview of FRP Composites

£ Currently Available National Specifications

e FDOT Design Criteria and Specifications

£ Acceptable FDOT Applications

£ Research on FRP Composites

£ District 7 Demonstration Project

£ Chase Knight, PhD - Usage (Characteristics/Durability)

£ Questions




FRP Overview: What is FRP?

e General Composition
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FRP Overview: Fibers

e Common Fiber Types:

V Aramid
- Extremely sensitive to environmental conditions

V Glass (Most Widely Used)
- Subject to creep under high sustained loading
- Subject to degradation in alkaline environment

V Carbon
- Premium Cost

\VV Basalt
- The future of FRP fibers?
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FRP Overview: Fibers

e Used in many different forms:
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ers Woven Fibers
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FRP Overview: Resins

£ Two Categories:

V Thermoset Resins (most common for structural uses)
- Liquid state at room temperature prior to curing
- Impregnated into reinforcing fibers prior to heating
- Chemical reaction occurs during heating/curing
- Solid after heating/curing; C a nb@ teversed/reformed

V Thermoplastic Resins
- Solid at room temperature (recycled plastic pellets)

- Heated to liquid state and pressurized to impregnate
reinforcing fibers

- Cooled under pressure; Can be reversed/reformed
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FRP Overview: Resins

£ Common Thermoset Resin Types

V Polyester
- Lowest Cost

V Vinyl ester
- Industry Standard

V Polyurethane
- Premium Cost
V Epoxy
- Highest Cost
- Commonly used in aerospace applications
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FRP Overview: Resins

e Polyesters

V Advantages:
- Easy to use
- Lowest cost of resins available

V Disadvantages:
- Sensitive to UV degradation
- Only moderate mechanical properties
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FRP Overview: Resins

e Vinyl esters

V Advantages:
- Very high chemical/environmental resistance
- Higher mechanical properties than polyesters

V Disadvantages:
- Sensitive to heat
- Higher cost than polyesters
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FRP Overview: Resins

e Polyurethanes

V Advantages:
- Higher strength and flexibility than vinyl esters
- Very high chemical/environmental resistance
- Higher mechanical properties than vinyl esters

V Disadvantages:
- Higher cost than vinyl esters (about 1.5 x)
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FRP Overview: Resins

e Epoxies
V Advantages:
High mechanical and thermal properties
High moisture resistance
Long working times available
High temperature resistance

V Disadvantages:
- More expensive than polyurethanes
- Critical mixing/Consistency
- Corrosive handling
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FRP Overview: Processes

e Manufacturing Processes

V Predominate Processes
- Pultrusion
- Vacuum Infusion

V Other Processes
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FRP Overview: Processes

£ Pultrusion Processing:
V Linear, continuous process
V Reinforcing (Roving & Mats) saturated with resin
V Pulled through heated die
V' Chemical reaction occurs as it cures (Polymerization)

V The resin saturated reinforcements exit the die in a solid
state and in the form of the cross section of the die.

V Types of products produced:
- Structural shapes w/ constant cross-sections

- GFRP/CFRP reinforcing bars & CFRP prestressing bars
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FRP Overview: Processes

e Pultrusion Processing:

Rovings Gulde
Plate

Resin
Impregnator

Continuous
Strand Mat
* Caterpiiar Puliers (shown) or
Reciprocating Pullars
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FRP QOverview: Processes

£ Pultrusion Processing:

Surface Veil
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Continuous Strand Mat

Continuous Roving

Continuous Strand Mat

Continuous
Roving

Courtesy of: Creative Pultrusions, Inc.

Continuous Strand Mats: Reinforcements in

any direction; consistent along the length of
}9‘%;7—/7‘\ the member.
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FRP Overview: Processes

APultruded hollow piles
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